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The title compound, [Fe(Ci4H 12 N 2 )3](C 4 N3) 2 , consists of one 
[Fe(dimephen) 3 ] 2+ complex cation (dimephen = 5,6-dimethyl- 
1,10-phenanthroline) and two uncoordinating tcm anions (tcm 
= tricyanomethanide). In the complex cation, the Fe 11 atom is 
coordinated by six N atoms from three chelating dimephen 
ligands at an average Fe— N distance of 1.963 (4) A giving a 
distorted octahedral geometry. The crystal structure is 
stabilized by weak C— H- ■ -N hydrogen bonds and C=N- ■ -tt 
interactions between planar [maximum deviations of 0.024 (3) 
and 0.015 (3) A] tcm anions and pyridine rings of dimephen 
[N2- • centroid = 3.531 (3) and 3.726 (3) A; C=N- ■ centroid 
= 96.4 (2) and 97.1 (2)°]. 

Related literature 

[Fe(/?/!e«) 2 (NCS) 2 ] (phen = 1,10-phenathroline) and 
[Fe(£7ry) 2 (NCS) 2 ] (bpy = 2,2-bipyridine) are the first known 
and most extensively studied compounds of iron(II) exhibiting 

a high spin < > low spin transition, see: Konig & Watson 

(1970); Miiller et al. (1982). For [Fe(/?/ie«) 3 ] 2+ complexes, see: 
Aparici Plaza et al. (2007); Odoko & Okabe (2004); Koh et al. 
(1994); Ucar et al. (2005); Li et al. (2008). For bond lengths and 
angles in dimephen, see: Toledano-Magana et al. (2012) and in 
tcm ligands, see: Potocnak et al. (2002); Luo et al. (2009). For 
the structure, properties and bonding modes of the tcm anion, 
see: Golub et al. (1986); Kohout et al. (2000). For the crystal 
and molecular structure of phen, see: Nishigaki et al. (1978). 
For similar Fe 11 complexes, see: Vahovska & Potocnak (2012). 



Experimental 

Crystal data 

[Fe(C 14 H 12 N 2 ) 3 ](C 4 N 3 ) 2 
M r = 860.76 
Triclinic, PI 
a = 9.3676 (3) A 
b = 12.7079 (9) A 
c = 18.1998 (9) A 
a = 75.458 (5)° 
P = 89.623 (3)° 

Data collection 

Agilent Xcalibur (Sapphire2) 
diffractometer 

Absorption correction: analytical 
[CrysAlis PRO (Agilent, 2012), 
based on expressions derived by 



Refinement 

R[F 2 > 2a(F 2 )] = 0.050 

wR(F 2 ) = 0.125 

S = 1.07 

8167 reflections 



Table 1 

Selected bond lengths (A). 



y = 82.323 (4)° 

V = 2077.52 (19) A 3 

Z = 2 

Mo Ka radiation 
IX = 0.42 mnT 1 
T = 183 K 

0.66 x 0.25 x 0.03 mm 



Clark & Reid (1995)] 
T min = 0.874, r max = 0.986 
15408 measured reflections 
8167 independent reflections 
6309 reflections with / > 2o-(7) 
R iM = 0.025 



574 parameters 

H-atom parameters constrained 
Ap»ax = 0.92 e A~ 3 
Apmin = -0.40 e A~ 3 



Fel-N20 
Fel-NIO 
Fel-N60 



1.957 (2) 
1.959 (2) 
1.963 (2) 



Fel-N30 
Fel-N50 
Fel-N40 



1.965 (2) 

1.967 (2) 

1.968 (2) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


d-h-a 


C52-H52- ■ -N30 


0.95 


2.59 


3.070 (3) 


112 


C22-H22- ■ -N40 


0.95 


2.59 


3.089 (4) 


113 


C32-H32- ■ -N8 


0.95 


2.43 


3.266 (4) 


146 


C42-H42- ■ -N60 


0.95 


2.57 


3.056 (3) 


112 


C22-H22- ■ -N6' 


0.95 


2.54 


3.271 (4) 


134 


C12-H12- ■ -N2" 


0.95 


2.55 


3.352 (4) 


142 


C62-H62- ■ N3 m 


0.95 


2.51 


3.266 (4) 


137 


C44-H44- ■ -N7 |V 


0.95 


2.59 


3.312 (4) 


133 


Symmetry codes: (i) — x - 
x — l,y— 1, z. 


f 1. -v + 


1, -z + 1; (ii) x- 


hi, y, z; (iii) — x, 


-v + l,-z; (iv) 
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Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2001); software used to prepare material 
for publication: SHELXL97. 

This work was supported by the Slovak Research and 
Development Agency under contract No. APVV-0014-11 and 
by the internal P. J. Safarik University grant system (VVGS- 
PF-2012-24 and VVGS 1/12-13). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BX2428). 
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Tris(5 r 6-dimethyl-1,10-phenanthroline-Af 2 N,N f )ii"on(ll) bis(tricyanomethanide) 

Lucia Vahovska and Ivan Potocnak 

Comment 

The iron(II) complexes [Fe(p/ie«) 2 (NCS) 2 ] and [Fe(6py) 2 (NCS) 2 ] (bpy = 2,2-bipyridine) belong to the first known and 

most extensively studied compounds of iron(II) exhibiting a high spin < > low spin transition (Miiller et al, 1982; 

Konig & Watson, 1970). By far the majority of known spin-transition compounds are octahedral Fe 11 compounds of 
general formula [Fe(Z) 4 (NCX) 2 ] or [Fe(Z) 2 (NCX) 2 ] (L = monodentate or bidentate N-donor ligands, X = S, Se). In our 
research, which is aimed on preparation of new [Fe(Z) 2 (Y) 2 ] compounds (L = bpy,phen or their derivatives and Y = 
pseudohalide anions (dicyanamide, or tcm)) with possible spin crossover, we prepared crystals of the title compound with 
composition [Fe(dimephen)3](tcm)2 (I) (dimephen = 5,6-dimethyl-l,10-phenanthroline). 

Structural analysis showed that crystal structure of the title compound is ionic and consists of one complex cation and 
two tcm counter-anions (Fig. 1). 

In the complex cation the Fe" ion is bonded to three bidentate dimephen ligands through their nitrogen atoms resulting 
in a distorted octahedral arrangement with the six Fel-N distances ranging from 1.957 (2) to 1.968 (2) A (Table 1). These 
values as well as the values of N-Fel-N bite angles (82.88 (9), 82.69 (9), 82.44 (9)°) and opposite {trans) angles 
(173.92 (9), 176.49 (9), 176.56 (9)°) are comparable to the corresponding distances and angles in other complexes with 
[Fe(phen) 3 ] 2+ cations (Aparici Plaza et al, 2007; Odoko & Okabe, 2004; Koh et al, 1994; Ucar et al, 2005; Li et al, 
2008). All N-Fel-N bond angles in (I) deviate significantly from the ideal values of 90 or 180° because of the 
constrained geometry of the dimephen ring systems. The values of bond distances and angles within the rings of neutral 
ligands are similar to those found in the similar [Cu(dimephen) 3 ](FF ^.CFFCN complex, too (Toledano-Magana et al, 
2012). The dimephen ligands in (I) are almost planar, the largest deviation of atom from the mean plane being 0.051 (3) A 
for atom C63. 

Both tcm anions are nearly planar, too (the largest deviations of atoms from the mean planes being 0.024 (3) for CI 
atom and 0.015 (3) A for C5 atom). The average C-C and C=N bond lengths (1.404 (6) and 1.155 (3) A, respectively), 
C-C-C (120.0 (3)°) and C-C=N (179.0 (6)°) angles within the both anions are in good agreement with those found in 
other tricyanomethanide complexes (Potocnak et al. , 2002; Luo et al , 2009). 

The crystal packing in (I) is formed by weak C-H - N hydrogen bonds (Table 2) and C-N— Cg 7r-ring interactions. Weak 
hydrogen bonds occur between individual dimephen ligands and thus the structure of the cation is stabilized. Moreover, 
tcm anions interconnect two [Fe(fi?;'ffje/?/ze«) 3 ] 2+ cations through hydrogen bonds and these interactions lead to infinite 
chain-like structure running along z axis (Fig. 2). 

Except hydrogen bonds, the crystal structure is stabilized by 7r-ring interactions between nitrogen atoms from tcm 
anions and corresponding pyridine rings. The N2---Cg-8' (i = x — \,y,z) and N6"Cg7 distances (3.53 1 (3) and 3.726 (3) A, 
respectively, Cg8 and Cgl are centroids of pyridine rings with N50 and N40 atoms, respectively), the distances of N2 and 
N6 atoms to the planes of the corresponding dimephen rings (3.505 and 3.677 A, respectively) as well as the 
C2=N2-Cg8 i and C6=N6-Cg7 angles (96.4 (2) and 97.1 (2)°, respectively) are close to those found in similar Fe 11 
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complexes (Vahovska & Potocnak, 2012). Parallel arrangement of tcm anions with dimephen molecules in (I) is shown in 
Fig. 3. 

Experimental 

Single crystals of the title compound were obtained at the interfaces of layered systems, with the lower layer comprising 
an aqueous solution (5 ml) of iron(II) sulfate (0.1 mmol) and 5 ml of tcm (0.1 mmol) and the upper layer comprising a 
methanolic solution (3 ml) of dimephen (0.1 mmol). These layered systems were allowed to stand at room temperature. 
Red crystals suitable for X-ray analysis were obtained and filtered off in several days and dried on air. 

Refinement 

Anisotropic displacement parameters were refined for all non-H atoms. The aromatic as well as methyl H atoms were 
placed in calculated positions and refined riding on their parent C atoms with C-H distances of 0.95 and 0.98 A, 
respectively and t/i SO (H) = 1.2£/ eq (C) and 1.5C/ eq (C) for aromatic and methyl hydrogen atoms, respectively. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2001); software used to prepare 
material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

The structure of the title compound. 
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Figure 2 

Intramolecular and intermolecular C — H—N hydrogen bonds (blue and red dashed lines, respectively) in the title 
compound. H-atoms not involved in hydrogen bonds are omitted because of clarity. 




Figure 3 

ir-ir interactions (dashed lines) between tcm and pyridine rings in the title compound (symmetry codes: (i) =x—\,y, z). H- 
atoms are omitted because of clarity. 



Tris(5,6-dimethyl-1,10-phenanthroline-K^iV,iV')iron(ll) bis(tricyanomethanide) 



Crystal data 

[Fe(C 14 H 12 N 2 )3](C4N 3 )2 
M r = 860.76 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.3676 (3) A 
b = 12.7079 (9) A 
c= 18.1998 (9) A 
a = 75.458 (5)° 



P= 89.623 (3)° 
y = 82.323 (4)° 
V= 2077.52 (19) A 3 
Z=2 

F(000) = 892 

D x = 1.376 Mgrn" 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5036 reflections 
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9= 3.0-29.2° 
fi = 0.42 mm" 1 
T= 183 K 

Data collection 

Agilent Xcalibur (Sapphire2) 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.3438 pixels mm" 1 
co scans 

Absorption correction: analytical 
[CrysAlis PRO (Agilent, 2012), based on 
expressions derived by Clark & Reid (1995)] 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2<r( J F 2 )] = 0.050 

wRiF 1 )^ 0.125 

S = 1.07 

8167 reflections 

574 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Needle, dark red 
0.66 x 0.25 x 0.03 mm 



T mm = 0.874, T max = 0.986 
1 5408 measured reflections 
8167 independent reflections 
6309 reflections with I> 2a(I) 
R M = 0.025 

ftnax = 26.0°, 6? m j n = 3.0° 
/* = -ll->ll 

yfc = -15->10 
/ = -22->21 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.0473P) 2 + 1.1913P] 

where P = (F 0 2 + 2F 2 )/3 
(A/ t r) max = 0.001 
Ap max = 0.92 e A 3 
kpmm = -0.40 e A" 3 



Special details 

Experimental. CrysAlis PRO (Agilent, 2012) Analytical numeric absorption correction using a multifaceted crystal 
model based on expressions derived by R.C. Clark & J.S. Reid. (Clark, R. C. & Reid, J. S. (1995). Acta Cryst. A51, 
887-897) 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 1 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



X y Z L/jso /c/ e q 


Fel 


0.52758 (4) 


0.38724 (3) 


0.27263 (2) 


0.01786 (11) 


N10 


0.6319(2) 


0.51196(18) 


0.23141 (12) 


0.0199 (5) 


N20 


0.3666 (2) 


0.50317 (18) 


0.27106(12) 


0.0196 (5) 


N30 


0.5692 (2) 


0.37913 (18) 


0.37975 (12) 


0.0208 (5) 


N40 


0.4163 (2) 


0.26722 (18) 


0.31777 (12) 


0.0189 (5) 


N50 


0.6912 (2) 


0.27509 (18) 


0.26764 (12) 


0.0196 (5) 


N60 


0.4893 (2) 


0.37825 (18) 


0.16864(12) 


0.0191 (5) 


Cll 


0.5467 (3) 


0.6115(2) 


0.22050(14) 


0.0178(5) 


C12 


0.7678 (3) 


0.5128 (2) 


0.20913 (15) 


0.0250 (6) 


H12 


0.8295 


0.4451 


0.2168 


0.030* 


C13 


0.8222 (3) 


0.6097 (2) 


0.17501 (16) 


0.0279 (7) 
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T T 1 O 

H13 


0.9186 


A /CATA 

0.60/0 


A 1 COl 

0.O83 


A A1 A * 

0.034* 


C14 


0.7372 (3) 


A 1AOC /1\ 

0.7085 (2) 


A 1 /f J A /1/^\ 

0.16549 (16) 


A AIT) /T\ 

0.0273 (7) 


T T 1 A 

H14 


0.7750 


a n a /" 

0.7746 


A 1 /I ") A 

0.1430 


0.033* 


C15 


a cm o /o \ 

0.5938 (3) 


0.7123 (2) 


A 1 O AA1 / 1 /I \ 

0.18903 (14) 


A A1 A /I //"\ 

0.0204 (6) 


C16 


a -ion /I \ 
0.493 / (3) 


0.8123 (2) 


A 10100 /1 

0.18188 (l3) 


a nn c //;\ 
0.0235 (6) 


C17 


A C /I AT /O A 

0.5497 (3) 


A A 1 A A /O \ 

0.9199 (3) 


A 1 /I AzU 1 / 1 OA 

0.14961 (18) 


A AO £ C ZO\ 

0.0365 (8) 


TT1 T t 

H17A 


A A f on 

0.4687 


a mm 

0.9793 


A IT!/' 

0.1376 


0.055* 


T T 1 "7 r> 

H17B 


A ZTA1A 

0.6020 


n Ai /-r 

0.9165 


a 1 m o 

0.1033 


A AC C * 

0.055* 


T T 1 T/^ 

H17C 


A H 1 ^ O 

0.6148 


A m 1 H 

0.9337 


A 1 0*7A 

0.1870 


A AC C * 

0.055* 


L21 


A Af\\\H /O \ 

0.4017 (3) 


A £LC\tC£L /1\ 

0.6066 (2) 


A l^lf 1 /1 /1\ 

0.24352 (14) 


A A 1 O A { £\ 

0.0184 (6) 


C22 


A AUG /O \ 

0.2318 (3) 


A /I A A 1 /1\ 

0.4941 (2) 


A 1A/11/" /1 /"\ 

0.29416 (16) 


A A1 C C //^\ 

0.0255 (6) 


T T1 1 

H22 


A 1 A /I £ 

0.2046 


U.4230 


A 1 1 ~i 1 

0.3132 


A A1 1 A 

0.031* 


/~< 1 1 

C23 


A 1 1A/1 S1\ 

0.1304 (3) 


A COCO SI \ 

0.3035 (3) 


0.29106 (1 /) 


a Aim (n\ 
0.029/ (/) 


T T1 O 

Hz J 


a m /:i 

0.0362 


a cn tin 

0.5767 


A "> AO A 

0.3089 


a ai /:* 

0.036* 


C24 


A 1 /" C 1 /I \ 

0.1652 (3) 


A /" O O C /I \ 

0.6885 (3) 


A 1/"1/"1 /1 

0.26263 (16) 


A A1 O /I /T\ 

0.0284 (7) 


T 11 A 

H24 


0.0952 


0.7508 


0.2603 


A AO /I sk 

0.034* 


C25 


A OA/T 1 ZO\ 

0.3061 (3) 


0.7028 (2) 


A 11 /"f A /1 c\ 

0.23650 (15) 


A A1AA /ZT\ 

0.0209 (6) 


C26 


A C /I ^ 

0.3543 (3) 


A /1\ 

0.80/5 (2) 


A OA/1 /I 1 S\ Z\ 

0.20441 (15) 


a m /i c 
0.0245 (6) 


C27 


f\ n A AO /O \ 

0.2448 (3) 


A AAOO /O \ 

0.9083 (3) 


A 1A/T10 /1A\ 

0.19628 (19) 


A AO OA ZO\ 

0.0389 (8) 


T T1 *7 A 

H27A 


A 1 A 1 T 

0.2917 


A C\H A A 

0.9740 


A 1 HHC 

0.1775 


A AC O * 

0.058* 


Hz /b 


a c 
0.203d 


a onnn 
0.9090 


a 1KO 

0.2458 


A ACQ* 

0.058* 


t ti t/" 1 

H27C 


A 1 /"OA 

0.1680 


A A AT) 

0.9073 


A 1 /"A1 

0.1602 


A Af O* 

0.058* 


L31 


a c 1 n /o \ 

0.5127 (3) 


0.2963 (2) 


A A 1 A A "7 /1 /l\ 

0.42907 (14) 


A A1A1 /ZT\ 

0.0201 (6) 


C32 


0.6471 (3) 


A A A A1 /1\ 

0.4402 (2) 


A /I AA -1/1 / 1 ZT\ 

0.40944 (16) 


A A1 ZH f£\ 

0.0257 (6) 


Til O 

H32 


a £Q/;n 
0.6869 


0.4988 


0.3 /63 


a r\i 1 * 
U.U31* 


/Til 

L33 


A £H 1 T /O \ 

0.6/ u (3) 


A A 1A1 /T\ 

0.4202 (3) 


0.48748 (17) 


A A'? O ZT /T\ 

0.0326 (7) 


t n i 

H33 


A TT71 

0.7272 


0.4652 


A C A/T*7 

0.5067 


A AO A* 

0.039* 


L34 


A /T 1 /T /I /O A 

0.6164 (3) 


a n/c /i \ 

0.3365 (3) 


A OZT/1/1 /1 '7\ 

0.53644 (17) 


A AO 1 A /n\ 

0.0320 (7) 


H34 


a zn ,n 

0.6342 


A 1 ^>^> O 

0.3228 


A COfl£ 

0.5896 


a mo* 

0.038* 


C35 


0.5328 (3) 


0.2702 (2) 


0.50797 (15) 


0.0266 (6) 


L36 


A /I /T A A /T\ 

0.4690 (3) 


a Anon /o \ 

0.1787 (3) 


A CC/1/11 /1 /T\ 

0.55442 (16) 


A AOAA SH\ 

0.0300 (7) 


C3 / 


U.4983 (3) 


U.15jj (3) 
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(13) 


A A1 A"7 /1 A \ 

U.Ulo / (14) 


A AO 11 /1 /1A 

0.021 1 (14) 


a nmi 
—U.UU 1 i 


(A AA 

(10) 


A AACA /1 AA 
0.003O (10) 


A AAO 0 

—0.0033 


(A A A 

(11) 


A"*AO 

Coz 


A mo 1 
0.0221 


(13) 


A AOOA i\ Z\ 

V.VZZV (13) 


A AO/1 A /1 £A 

0.024O (13) 


A AAOO 


(A A A 

(11) 


A AAAO /1 1 A 
— U.U0U2 (11) 


A AA/1 A 

— U.UU4U 


(A OA 

(12) 


a 1 ao 
C63 


a m ot 
0.028 / 


(15) 


A AO AO / 1 H\ 
(1 /) 


A AO C A / 1 AA 

0.0256 (16) 


A AAC A 
— U.UU56 


/1 OA 

(13) 


A AAAA / 1 O A 
— U.UU6U (12) 


A AAA 1 

—0.0001 


/1 OA 

(13) 


A'A/i 
C64 


a ao o a 
0.0330 


(15) 


A AO 1 O / 1 H\ 
U.UMZ (1 /) 


A A1AA /1 A\ 

0.0190 (14) 


A AAAA 
— U.UU96 


(A O A 

(13) 


A AAAC / 1 1 A 
— 0.0005 (11) 


A AAA A 

—0.0064 


/1 OA 

(13) 


C£Z 

Cod 


A mif 

0.0233 


(13) 


A OOOT (^ z\ 

V.UZZ 1 (13) 


A AO AA /1 A\ 

0.0200 (14) 


A AAOC 

— 0.0093 


/1 1 A 

(11) 


A AAOO /1 AA 
0.UU28 (10) 


A AACO 

— 0.UU39 


/1 OA 

(12) 


A* AA 

Coo 


a aoao 
0.02o3 


(\ A \ 

(14) 


A AOCQ /I AA 

U.U235 (lo) 


A A0O"O /1 AA 

0.02 /9 (lo) 


A A 1 AO 

— U.U1U9 


M OA 

(12) 


A AA"7A /1 OA 
0.U0 10 (12) 


A A1 1 O 

— 0.01 13 


(A OA 

(13) 


A 1 AO" 

Co / 


0.0456 


/"1 o\ 

(18) 


A A/1 1 /OA 

U.U41 (2) 


AAO-IO /10A 

0.0348 (18) 


A AAAA 

— U.UU6U 


/1 CA 

(15) 


A AAO O / 1 A A 
0.0022 (14) 


A AO 1 O 

—0.0212 


/1 AA 

(16) 


/ 1 

CI 


A AO "7 A 

0.02 /0 


(15) 


A AO 1 A / 1 AA 

U.U319 (19) 


A A/1 A /OA 

0.044 (2) 


A AAAO" 


(A OA 

(13) 


A AAAA /1 A\ 
0.0069 (14) 


A AAOO 

—0.0022 


/1 AA 

(16) 


Cz 


a ao no 
0.0295 


(17) 


A A A A /OA 

U.U40 (2) 


A AC/ /OA 

0.056 (2) 


A AAO A / 1 

U.UU20 ( 


CA 

3) 


A A1 H /1AA 
0.013 / (16) 


A AACA 

—0.0059 


/1 OA 

(18) 


C3 


0.0318 


(17) 


0.032 (2) 


0.056 (2) 


-0.0013 


(14) 


0.0117(16) 


0.0075 (1 


7) 


C4 


0.0314 


(16) 


0.0288 (18) 


0.0372 (18) 


-0.0050 


(14) 


0.0032 (13) 


-0.0004 


(15) 


C5 


0.0263 


(15) 


0.0321 (18) 


0.0421 (19) 


-0.0075 


(13) 


0.0061 (13) 


-0.0132 


(15) 


C6 


0.0290 


(16) 


0.043 (2) 


0.054 (2) 


-0.0148 


(15) 


0.0125 (15) 


-0.0121 


(18) 


C7 


0.0269 


(15) 


0.0275 (18) 


0.051 (2) 


-0.0034 


(13) 


0.0056 (14) 


-0.0123 


(16) 
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Co 


U.UZ /O (lb) 


U.Uj lo (IV) 


U.U33 yZ ) 


A AA££ (\ A\ 

— U.UU5D (14) 


U.U1U / (15) 


A ni co /i n\ 
— U.U1 J J (1 /) 


JNz 


a acc f r >\ 
U.IDZ) (2) 


a r\/za /o \ 
U.U69 (3) 


a r\i a /o \ 
U.U /4 (3) 


— V.VVZZ (1 /) 


U.U/Jl (la) 


A AO O ZO\ 

— U.U3z (2) 


N3 


0.0396 (17) 


0.061 (2) 


0.068 (2) 


0.0018 (15) 


0.0005 (16) 


0.0144(19) 


N4 


0.0468 (17) 


0.0364(18) 


0.0525 (19) 


0.0050 (14) 


0.0044(14) 


-0.0071 (15) 


N6 


0.059 (2) 


0.088 (3) 


0.055 (2) 


-0.033 (2) 


0.0127(17) 


-0.009 (2) 


N7 


0.0428 (16) 


0.0360(18) 


0.066 (2) 


-0.0129(14) 


0.0066 (14) 


-0.0097 (16) 


N8 


0.0401 (16) 


0.052 (2) 


0.070 (2) 


-0.0119(14) 


0.0044 (15) 


-0.0304 (18) 



Geometric parameters (A, °) 



rci — in z \j 


1 QS1 0\ 

1 ,yJ I yz. ) 


rcl — IN 1 v) 


i .yjy l z I 


r gl INOU 


i.voo yz.) 


rci — in j u 


l.~OJ ^z^ 


rci — in j u 




r c i — inh-u 


1 . VDo ^Z J 


1\T1 0 P1 9 

IN 1 U v 1 Z 


1 ,jj4 ^o ) 


i\rio rn 

in i \j — ^ 1 1 


1 37? (T\ 


l\T9fl P99 


1.JJ7 1 Jl 


XT90 P91 


1 (T.\ 


xnn r^9 

IN jU LjZ 


1 ^no (T\ 

1.JJ7 \J ) 


IN J U v J 1 


1 l&S, (T.\ 
1 JDJ ) 


"Mdfl PA9 


1 ^1 (X\ 


>j/in 

1NH-U k^^t 1 


1 ^^"1 
1 .Jjy \J ) 


xko rs9 


l . J J J \J ) 


J.N.3U l_/J 1 


1 l&S, (T.\ 
1 .JO J ) 


TSJAfl CftT) 
1NOU LOZ 




1NOW L>0 1 




n 1 n s 




p 1 1 P9 1 


1 .HZ J yj ) 


n 9 pi ^ 


l .Jyj yH ) 


P1 9 H1 9 

v_. i z — n i z 


U.7JUU 




1 ^fifi f4"l 


1 j — nlj 


A Q^AA 


c 1 a r 1 s 




C14— H14 


0.9500 


C15— C16 


1.454 (4) 


CI 6— C26 


1.371 (4) 


C16— C17 


1.507 (4) 


C17— H17A 


0.9800 


C17— H17B 


0.9800 


C17— H17C 


0.9800 


C21— C25 


1.394 (4) 


C22— C23 


1.392 (4) 


C22— H22 


0.9500 


C23— C24 


1.360 (4) 


C23— H23 


0.9500 


C24— C25 


1.419(4) 


C24— H24 


0.9500 


C25— C26 


1.443 (4) 





1 S(\9. (A\ 

i.juo yt ) 


V^J / nj //\ 


a Qsnn 
u.youu 


v J / rlj 1 D 


n Qsno 
u.youu 


I — nj / ^ 


U.70UU 




1411 Cd^ 


CA1 CAT, 


1 ^QQ C4"> 
1 .jyy yH ) 


CA1 T44? 




CAT, CAA 


1 ^61 f4"l 
i .jo i yn ) 


CAT, HAT, 


U.7JUU 


CAA CAS, 


1 4flfi ^4^ 


CAA H44 


U.7JUU 


CAS CAfii 


1 44^ ^4^ 
L .44j y-r j 


CAfi. CA1 


1 ^10 ( A\ 
i.jiu yn ) 


CA1 T-T47A 


a Qcnn 

U.VoUU 


CA1 H47R 


n Qsno 


CA1 T-T47r' 


a qsno 

U.70UU 




1 404 (A\ 
1 .4U4 ^4 ^ 




1 490 <A\ 
i .4zu yn ) 


CS1 CST, 


i .jo j yn i 


LJZ njz 


yj.yjyjvt 


p^o p^4 
Ljj — 1/J4 


1 ^60 f4^ 
L.JOy yt ) 


i^jj njj 


vj.yjvtv 


CSA CSS 


1 4f)8 C41 

1 .4UO 14 1 


CSA USA 




C55 — C56 


1 /I C A /A \ 

1.450 (4) 


C56— C66 


1.369 (4) 


C56— C57 


1.511 (4) 


C57— H57A 


0.9800 


C57— H57B 


0.9800 


C57— H57C 


0.9800 


C61— C65 


1.399 (4) 


C62— C63 


1.394 (4) 


C62— H62 


0.9500 


C63— C64 


1.367 (4) 


C63— H63 


0.9500 


C64— C65 


1.413 (4) 


C64— H64 


0.9500 


C65— C66 


1.449 (4) 


C66— C67 


1.501 (4) 


C67— H67A 


0.9800 
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C26— C27 
C27— H27A 
C27— H27B 
C27— H27C 
C31— C35 
C31— C41 
C32— C33 
C32— H32 
C33— C34 
C33— H33 
C34— C35 
C34— H34 
C35— C36 
C36— C46 



1.506 (4) 

0.9800 

0.9800 

0.9800 

1.398 (4) 

1.419(4) 

1.394 (4) 

0.9500 

1.363 (4) 

0.9500 

1.411 (4) 

0.9500 

1.453 (4) 

1.367(4) 



C67— H67B 
C67— H67C 
CI— C4 
CI— C3 
CI— C2 
C2— N2 
C3— N3 
C4— N4 
C5— C7 
C5— C8 
C5— C6 
C6— N6 
C7— N7 
C8— N8 



0.9800 
0.9800 

1.397 (4) 

1.402 (5) 
1.411 (5) 
1.155 (5) 
1.156(4) 
1.155 (4) 

1.398 (4) 

1.403 (5) 
1.413 (5) 
1.151 (4) 
1.157(4) 
1.157(4) 



N20— Fel— N10 
N20— Fel— N60 
N10— Fel— N60 
N20— Fel— N30 
N10— Fel— N30 
N60— Fel— N30 
N20— Fel— N50 
N10— Fel— N50 
N60— Fel— N50 
N30— Fel— N50 
N20— Fel— N40 
N10— Fel— N40 
N60— Fel— N40 
N30— Fel— N40 
N50— Fel— N40 
C12— N10— Cll 
CI 2— N10— Fel 
Cll— N10— Fel 
C22— N20— C21 
C22— N20— Fel 
C21— N20— Fel 
C32— N30— C31 
C32— N30— Fel 
C31— N30— Fel 
C42— N40— C41 
C42— N40— Fel 
C41— N40— Fel 
C52— N50— C51 
C52— N50— Fel 
C51— N50— Fel 
C62— N60— C61 
C62— N60— Fel 
C61— N60— Fel 
N10— Cll— C15 



82.89 (9) 
94.50 (9) 
89.17(9) 

89.92 (9) 
95.52 (9) 
173.92 (9) 
176.49 (9) 

94.93 (9) 
82.70 (9) 
93.03 (9) 
94.31 (9) 
176.56 (9) 
93.05 (9) 
82.45 (9) 
87.97 (9) 
117.2(2) 
129.55 (19) 
113.15(15) 
117.6(2) 
129.00(19) 
113.43(16) 
117.4 (2) 
129.23 (19) 
113.32 (17) 
117.8(2) 
129.02(18) 
113.08 (17) 
117.3 (2) 
129.58 (19) 
112.98 (17) 
117.4(2) 
129.68 (19) 
112.91 (17) 
124.3 (2) 



C34— C35— C36 
C46— C36— C35 
C46— C36— C37 
C35— C36— C37 
C36— C37— H37A 
C36— C37— H37B 
H37A— C37— H37B 
C36— C37— H37C 
H37A— C37— H37C 
H37B— C37— H37C 
N40— C41— C45 
N40— C41— C31 
C45— C41— C31 
N40— C42— C43 
N40— C42— H42 
C43— C42— H42 
C44— C43— C42 
C44— C43— H43 
C42— C43— H43 
C43— C44— C45 
C43— C44— H44 
C45— C44— H44 
C44— C45— C41 
C44— C45— C46 
C41— C45— C46 
C36— C46— C45 
C36— C46— C47 
C45— C46— C47 
C46— C47— H47A 
C46— C47— H47B 
H47A— C47— H47B 
C46— C47— H47C 
H47A— C47— H47C 
H47B— C47— H47C 



124.8 (3) 

120.5 (3) 

123.2 (3) 

116.3 (3) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
124.1 (2) 
115.8(2) 
120.1 (2) 

121.7 (3) 
119.1 
119.1 

120.6 (3) 
119.7 
119.7 

119.8 (3) 
120.1 
120.1 
115.9(2) 

124.7 (3) 

119.3 (3) 

120.4 (3) 

122.3 (3) 

117.4 (3) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
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\ti a p | 1 p i 1 

N 1 0 — C 1 1 — Cz 1 


1 1 C "5 /1\ 

115.3 (2) 


f • i r p 1 1 pi -1 

C15 — Cll — C21 


1 1 A C /1\ 

120.5 (2) 


XT 1 A P 1 1 p i -> 

N10 — C12 — C13 


1 1 1 1 /") \ 

122.2 (3) 


XT 1 A TT1 1 

N 1 0 — C 1 2 — H 1 2 


118.9 


P 1 ") P" 1 1 TTi i 

C13 — C12 — H12 


118.9 


pi -I A PI -I i-) f • 1 r\ 

C14 — CI 3 — C12 


1 AA 1 / '1 \ 

120.2 (2) 


p 1 /i p i -> tti ^ 

C14 — C13 — H13 


1 1 A A 

119.9 


rii ^ nil TT 1 ") 

Clz — C13 — HI 3 


1 1 A A 

119.9 


rill P 1 /I n ; 

C 1 3 — C 1 4 — C 1 j 


1 1 A A f r )\ 

119.9 (2) 


r<i i p 1 /i TT 1 /I 

C 1 3 — C 1 4 — H 1 4 


1 1 A 1 

120.1 


C15 — C14 — H14 


120.1 


Cll — C 1 5 — C 1 4 


116.3 (3) 


pi i ni r p i s 

Cll — C15 — Clo 


1 1 A A /1\ 

119.0 (2) 


P 1 /I P 1 c p i / 

C14 — C15 — C16 


11/1 O /1\ 

124.8 (2) 


C26 — C 1 6 — C 1 5 


1 1 A C /1\ 

120.5 (2) 


pi /-» s~ pi \ /■' f i i ^ 

C26 — Clo — C17 


1H 1 /") \ 

122.1 (3) 


pi C p i /_ PIT 

C15 — Clo — C17 


i n a /t, 

117.4 (2) 


f • \ f P 1 T TT17 A 

Clo — C17 — H17A 


1 AA C 

109.5 


P 1 /" P IT T T 1 TTI 

Clo — C17 — H17B 


109.5 


tti t a pit TTnn 

H17A — C17 — H17B 


1 AA C 

109.5 


p 1 c rn t_ii*7P 
Clo — CI / — HI /C 


1 aa c 
109.5 


tti t a pit TTnr 

H17A — C17 — H17C 


109.5 


T T 1 1T» P< 1 r-i T T 1 TP1 

H17B — C17 — H17C 


109.5 


\Tta Pi 1 Pic 

N20 — C2 1 — C25 


11/1 C /I \ 

124.5 (2) 


JNzU — C21 — Cll 


115.2 (z) 


P11 c p 1 1 p 1 1 

C25 — C21 — Cll 


1 1 A O 

120.3 (2) 


XT^A P11 PI") 

N20 — C22 — C23 


111 O /") \ 

121.8 (3) 


\TTA P11 TTT) 

JNzU — Czz — Hzz 


1 1 A 1 

119.1 


pi -> P11 TT11 

Cz3 — Czz — Hzz 


1 1 A 1 

119.1 


pi 1 A PI") P11 

C24 — C23 — C22 


1 1 A C /I \ 

120.5 (2) 


C ' ~\ A PI") TTI") 

Cz4 — C23 — Hz3 


1 1 A O 

119.8 


f ' ~) ~) PI") TTII 

Czz — C23 — Hz3 


1 1 n o 

119.8 


poi ri/i poc 
Cz3 — Cz4 — CzD 


lzO.O (J) 


P11 PI /I TTI /I 

C23 — C24 — H24 


120.0 


ri/ir PI /I TTI yl 

C25 — C24 — H24 


120.0 


C2 1 — C25 — C24 


1 1 C T /1\ 

115.7 (z) 


ni rtif /""O^ 

C2 1 — C25 — C26 


1 1 A / /1\ 

119.6 (2) 


P1-1 r"if Pi/" 

C24 — C25 — C26 


11/1 1 /1 \ 

124.7 (3) 


P1 f PIP n/if 

Clo — C26 — C25 


1 1 A 1 /") \ 

120.2 (3) 


P1 /" Pl£ PIT 

C 1 6 — C26 — C27 


111 O /1 \ 

122.8 (3) 


PIC f ' "\ C PIT 

Cz5 — Czo — Cz7 


1 1 T 1 /1\ 

117.1 (2) 


f ' r\ / PIT TTn A 

C26 — C27 — H27A 


109.5 


p 1 s PIT TT^TTl 

C26 — C27 — H27B 


1 AA C 

109.5 


til /A — C2 / — Hz la 


1 AA C 

109.5 


C26— C27— H27C 


109.5 


H27A— C27— H27C 


109.5 


H27B— C27— H27C 


109.5 


N30— C31— C35 


124.3 (3) 


N30— C31— C41 


115.2 (2) 



\Tf A PC1 PCC 

N50 — C5 1 — C55 


11/1 1 /I \ 

124.1 (2) 


\IfA PC1 P f 1 

N50 — C51 — Col 


115.4 (2) 


P C C P iT 1 P /" 1 

C55 — C5l — Col 


1 1 A ^ /I \ 

120.5 (2) 


\Tf A PCI PC") 

N50 — C52 — C53 


111 C /") \ 

122.5 (3) 


\ifA PCI TTC1 

N50 — C52 — H52 


118.7 


PI C 1 /~1 ^ 1 TTf 1 

C53 — C52 — H52 


118.7 


P C /I PCI PCI 

C54 — C53 — C52 


1 1 A ") /") \ 

120.3 (3) 


P C /I PC") TTC") 

C54 — C53 — H53 


119.8 


PCI PC") TTO 

C52 — C53 — H53 


1 1 A O 

119.0 


PC") P C /I PCC 

C53 — C54 — C55 


1 1 A T /") \ 

119.7 (3) 


PC") P C /I TTC/1 

C53 — C54 — H54 


120.2 


C55 — C54 — H54 


120.2 


PC1 PCC PC/1 

C5 1 — C55 — C54 


1 1 /T 1 /"I \ 

116.1 (3) 


PC1 PCC PCP 

C5l — C55 — C56 


1 1 A A /1\ 

119.0 (2) 


C54 — C55 — C56 


11/1 A /") \ 

124.9 (3) 


p< / f pi ^ /" pi r r 

Coo — C56 — C55 


1 i a r /") \ 

120.5 (3) 


PZ"Zf PCP PC7 

Coo — C56 — C57 


111 A /") \ 

122.9 (3) 


PCC PC/' PC^ 

C55 — C56 — C57 


116.7 (3) 


C56 — C57 — H57A 


109.5 


p c /T p c i unn 

C56 — C57 — H57B 


109.5 


TTCT A PCT TTf TT) 

H57A — C57 — H57B 


1 AA C 

109.5 


PC/" PCT t TC TP 

C56 — C57 — H57C 


1 AA C 

109.5 


i in « pi ^ ^ TTnn 

H57A — C57 — H57C 


109.5 


TTC TTI P C "7 T TC TP 

H57B — C57 — H57C 


109.5 


\T/-A PP1 P/"C 

N60 — Col — C65 


11/1 /I /1\ 

124.4 (2) 


\ T/" A PI /" 1 PI /■ 1 

N60 — Col — C5l 


115.6 (2) 


Pi /" pi 1 pi /■ 1 

C65 — Col — C5l 


1 1 A 1 /1\ 

120.1 (2) 


\T/"A P/"1 P/"") 

N60 — C62 — C63 


111 A /") \ 

122.0 (3) 


\T/A P/"1 TT/"1 

N60 — C62 — H62 


1 1 A A 

119.0 


PI P1 P1P1 TT/'l 

C63 — C62 — H62 


119.0 


Pi f A Pi/"") P1P1 

C64 — C63 — C62 


1 1 A A f "> \ 

120.4 (3) 


P/'/l PP") T TP ") 

C64 — C63 — H63 


1 1 A O 

119.8 


p PI P/T") TT/T") 

Coz — C63 — H63 


1 1 A O 

119.8 


PI / 1 pi / A pi X c 

C63 — C64 — C65 


1 1 A T /") \ 

H9.7 (3) 


P /") PP/I TTP/1 

C63 — C64 — H64 


120.1 


P/'C P/"/l TTP-1 

C65 — C64 — H64 


1 1A 1 

120.1 


P z' 1 P /" C PP/1 

Col — C65 — C64 


116.1 (3) 


P< / 1 PI / C PI /" /" 

Col — C65 — C66 


119.5 (2) 


PI / A PI /" ^ PI f S~ 

C64 — C65 — Coo 


1 1 A A /") \ 

124.4 (3) 


PC/" PPP P/"C 

C56 — C66 — C65 


1 1A ") /")\ 

120.3 (3) 


PC/" PPP PPT 

C56 — C66 — C67 


11") /I /") \ 

123.4 (3) 


P< /" f Pi/"/" P1PT 

C65 — C66 — C67 


116.3 (3) 


P / /" PPT TT/"T A 

C66 — C67 — H67A 


109.5 


Coo — C67 — H67B 


1 AA C 

109.5 


H67A— C67— H67B 


109.5 


C66— C67— H67C 


109.5 


H67A— C67— H67C 


109.5 


H67B— C67— H67C 


109.5 


C4— CI— C3 


119.6(3) 
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C35— C31- 


-C41 


1 OA C 

120.5 (2) 


C4- 


—CI — C2 




1 1 A A /") \ 

119.9 (3) 


N30— C32— C33 


121.9 (3) 


C3- 


—CI — C2 




120.4 (3) 


IN jU LjZ- 


— rljZ 


119.0 


N2- 


— C2 — CI 




179.3 (4) 


C33— C32- 


-H32 


1 1 ft a 
119.0 


N3- 


— C3 — CI 




1 TO 1 //I \ 

178.1 (4) 


C34— C33- 


-C32 


1 OA A /I \ 

120.4 (3) 


N4- 


— C4 — CI 




1 7ft 1 / /I \ 

179.2 (4) 


C34— C33- 


-H33 


119.8 


C7- 


— C5 — C8 




1 A A /O \ 

120.0 (3) 


C32— C33- 


-H33 


line 

1 17.0 




c*. Cf, 

— — 




1 1 Q 8 


C33— C34- 


-C35 


119.8 (3) 


C8- 


-C5— C6 




120.2 (3) 


C33— C34- 


-H34 


120.1 


N6- 


-C6— C5 




179.5 (4) 


C35— C34- 


-H34 


120.1 


N7- 


-C7— C5 




178.3 (4) 


C31— C35— C34 


116.1 (3) 


N8- 


-C8— C5 




179.3 (4) 


C31— C35— C36 


119.1 (3) 










Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 




r-a 


D-A 


D—R-A 


C52— H52- 


-N30 


0.95 




2.59 


3.070 (3) 


112 


C22— H22- 


••N40 


0.95 




2.59 


3.089 (4) 


113 


C32— H32- 


-N8 


0.95 




2.43 


3.266 (4) 


146 


C42— H42- 


•N60 


0.95 




2.57 


3.056 (3) 


112 


C22— H22- 


■•N6 1 


0.95 




2.54 


3.271 (4) 


134 


C12— H12- 


••N2 U 


0.95 




2.55 


3.352 (4) 


142 


C62— H62- 


.. N3 iii 


0.95 




2.51 


3.266 (4) 


137 


C44— H44- 


■•N7 IV 


0.95 




2.59 


3.312(4) 


133 



Symmetry codes: (i) -x+l, -y+i, -z+1; (ii)x+i,y, z; (iii) -x, -y+1, -z; (iv) x-l,y-l, z. 
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